Understanding the principles of neuronal computation that underlie our cognitive abilities is a fundamental goal of neuroscience. Microcircuits are thought to be computational units embedded in a brain-wide neuronal network. Recent progress in experimental and analytical techniques has enabled the exploration of information flow in operating microcircuits of behaving monkeys. Accumulating evidence demonstrates that crucial transformations of neuronal codes for the representation and memory retrieval of visual objects occur in cortical microcircuits. Particularly, microcircuit comparisons across cortical areas provide novel principles for object processing, in which precursor codes for object features are constructed in a lower-order area before prevalence in a higher-order area. We review recent findings on microcircuit operations in macaque temporal cortex that enable object processing, and discuss future research directions.
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Historical overview: from Hebb's conceptualization to current understanding of microcircuit computation Over 60 years ago, Donald Hebb introduced the concept of 'cell assembly' [1], which led us to explore how an ensemble of cortical neurons is coordinated to enable crucial computations for cognitive demands. An analytical framework to substantiate the cell assembly in the brain was formulated about two decades later as cross-correlation analysis between spike trains of simultaneously recorded neurons to evaluate quantitatively their coordination [2] . Since then, researchers have attempted to identify cell assemblies working in the brain that encode sensory information, cognitive processes, or motor commands as cooperative activities of multiple neurons (Box 1).
Many pioneering studies of neuronal interactions focused on the early visual system [3] [4] [5] [6] [7] . These lines of research established the view of well-organized wiring diagrams in which neurons make connections, or receive common inputs, basically according to the similarity of their receptive field properties, and revealed that the resultant synchronized spikes could then efficiently drive their common target neurons [8] . Later studies further demonstrated that neuronal interactions do not simply reflect underlying anatomical connections, but instead exhibit dynamic modulation depending on behavioral contexts or presented stimuli [9] [10] [11] [12] [13] [14] [15] [16] .
Though numerous studies of synchronized firing provided the basic characteristics of neuronal networks in the cerebral cortex, few studies have examined information flow and neural code transformation along serially connected single neurons, which would be crucial for understanding the computational principles of neuronal circuits [17, 18] . This concept of serially connected neurons corresponds to Hebb's 'phase sequence', a sequential pattern of activity among multiple cell assemblies that constitutes the neuronal manifestation of a cognitive process [1, [19] [20] [21] [22] . In a recent study, the phase sequence was substantiated as microcircuit operations in the macaque temporal cortex for object memory retrieval [23] .
It is also important to understand the principles behind hierarchical processing across cortical areas [24] . Comparisons of microcircuit operations in different cortical areas can reveal how computations proceed and change across cortical regions. Recently, microcircuit operations were examined and compared in successive areas of the macaque temporal cortex. This provided novel computational principles for visual object processing: precursor codes of a given object feature are constructed in a lower-order area before becoming prevalent in a higher-order area [25] .
We review recent advances in the understanding of microcircuit operations and their computational principles in visual object processing. 'Microcircuit' in this review 
